Background-Social cohesion, the self-reported trust and connectedness between neighbors, may affect health behaviors via psychosocial mechanisms.
Introduction
Smoking is the leading cause of preventable death and disability in the United States and is causally implicated in several cardiovascular diseases and at least 15 different cancers (1) . However, the negative health effects of smoking are not equally distributed across all societal groups. For example, despite the later initiation of smoking and the consumption of fewer cigarettes per day than Whites, Black smokers are at significantly greater risk for the development of several smoking-related diseases, and are more likely to die from these diseases, than Whites (2) . Moreover, some research suggests that Black smokers may be less likely to successfully quit smoking as compared to White smokers (3, 4) . Investigating the determinants of smoking cessation among Black smokers is important to increase understanding about how to best intervene to increase smoking cessation rates among this group, and ultimately, to eliminate smoking-related health disparities.
Recently, there has been an increased focus on enhancing our understanding of the socialcontextual determinants of health-related behaviors, including smoking. One construct of interest in these studies has been social cohesion. Social cohesion refers to the self-reported trust and connectedness between neighbors, including perceptions of community belonging, shared community values, and the availability of aid from neighbors (5) . Social cohesion is thought to provide a protective influence on health and have a positive effect on healthrelated behaviors via the rapid dissemination of health-related information, the promulgation of community norms for healthy behaviors, the collective power to advocate for healthpromoting community changes, or through positive effects on psychosocial mechanisms that come from living in a community with strong interpersonal connections (6, 7) . Crosssectional, population-based research has previously examined the relationship between social cohesion and smoking behaviors. These studies indicate significant and inverse associations between social cohesion and the likelihood of being a smoker (6, 7) , as well as the number of cigarettes smoked per day among smokers (8) . However, to our knowledge, no previous research has examined how individual perceptions of social cohesion might be prospectively associated with smoking cessation during a specific quit attempt.
A greater understanding of the effects of social cohesion on smoking behaviors, including smoking cessation, can be gained from longitudinal research that is focused on the mechanisms underlying these relationships. Currently, no empirical studies directly inform this area of the literature. However, schematic models of the social-contextual determinants of health and health-related behaviors highlight the importance of psychosocial mechanisms (e.g., stress) in these relationships (9) . Supporting such models are empirical studies citing inverse relations between social cohesion (both when conceptualized as an individual-level variable as well as when aggregated to the neighborhood level) and psychosocial mechanisms underlying health-related behaviors, including psychological distress (10), negative affect (7, 11, 12) , and stress (13) . Similarly, research supports positive associations between social cohesion and social support (13) . These psychosocial variables, as well as others (e.g., positive affect) have been cited as key determinants of smoking relapse in prominent models of addiction [e.g., relapse prevention (14-16)], and have been empirically associated with smoking cessation in prior research (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . For example, elevated stress and negative affect are important precipitants of smoking relapse (25, 26) . On the other hand, higher reported social support and greater positive affect seem to play a protective role against smoking relapse (20, 32) . Thus, if there is an association between social cohesion and smoking cessation, theory and research support that these psychosocial variables may be particularly relevant factors to explore as potential mediators.
Previous studies have suggested that race/ethnicity might moderate relationships between social cohesion and health-related behaviors (7) , but studies examining these relations often lack sufficient power to detect racial/ethnic interaction effects (7) . Thus, barring adequate samples to test for such interactions, research in this area may be best conducted within racial/ethnic groups so as to mitigate the influence of potential confounders. Because of the aforementioned burden of tobacco-related disease and death among Blacks, and because a better understanding of the determinants of smoking cessation is needed to facilitate interventions for this underserved population, research on the relations of social cohesion and smoking cessation among Black smokers is particularly important. Moreover, the proposed psychosocial mediators are culturally relevant to Black smokers. For example, research suggests that Blacks may experience greater stress than Whites, at least partially due to experiences of racism and discrimination, and that Blacks may also be more likely to smoke in response to stress than Whites [for summary see (33) ]. This may especially be the case for Black smokers of lower socioeconomic status (33) . Likewise, Blacks may be more likely than Whites to report negative affect (34) [at least in early adulthood (35) ], potentially as a result of enduring relatively more adversities, including those associated with living in economically deprived or dangerous neighborhoods where trust between neighbors may be low.
The purpose of this study was to address current gaps in the literature by examining whether individual perceptions of social cohesion were associated with smoking cessation during a specific quit attempt, and exploring potential psychosocial mechanisms that could account for an indirect effect. We examine these issues among a treatment-seeking sample of low income Black adult smokers who were enrolled in a larger clinical trial. We hypothesized that greater social cohesion would be associated with higher odds of abstinence during a specific quit attempt, and that these relations would be accounted for (at least partially) by the associations of greater social cohesion with greater social support, less negative affect, greater positive affect, and less stress.
Methods

Participants and Procedures
Data were collected as part of a randomized clinical trial designed to determine the efficacy of a smoking cessation intervention designed for Black smokers (36) . Individuals were proactively recruited from Houston, Texas using newspaper advertisements. They were eligible to participate if they self-identified as Black, were between the ages of 21 and 65, smoked five or more cigarettes per day for ≥12 months, produced expired carbon monoxide levels of ≥8 parts per million, were willing to quit smoking within the next 2 weeks, possessed a functioning home telephone number, had a permanent home address, and were able to understand English at a 6 th grade literacy level. Individuals were excluded if they reported regular use of tobacco products other than cigarettes, were using pharmacological smoking cessation treatments at the time of enrollment, reported medical contraindications to the nicotine patch (i.e., a history of heart attacks, angina, cardiac arrhythmia, or blood circulation problem), or were pregnant or lactating.
Participants were enrolled between 2005 and 2006, and data collection concluded in 2007.
Following an eligibility phone screen, data were collected during 7 in-person study visits, not all of which were relevant to the current study: Pre-Quit Day -19 (i.e., 19 days before the quit date), Pre-Quit Day -12, Pre-Quit Day -5, Post-Quit Day 3 (i.e., 3 days following the quit date), Post-Quit Day 10, Post-Quit Day 31, and Post-Quit Month 6. See Figure 1 . Participants were compensated $20 for each of the first 5 visits, and $40 for each of the last 2 visits to encourage attendance. All study procedures were approved by the Institutional Review Board of the University of Texas MD Anderson Cancer Center, and written informed consent was obtained from all participants. Participant recruitment and flow through the study are reported elsewhere (36, 37) .
Participants were randomized to standard treatment or standard treatment plus computer delivered treatment following the Day -19 study visit. Standard treatment consisted of selfhelp materials, five cessation counseling sessions, and four weeks of nicotine replacement therapy (the patch). Participants in standard treatment plus computer delivered treatment also had access to six weeks of computer-based intervention via a palmtop computer. In addition, the computer delivered treatment included a personalized plan for quitting and culturally targeted motivational messages.
Variables of Interest and Manner of Collection
Participants viewed questionnaire items on a computer screen while listening to them on earphones and entered responses directly into the computer through the keyboard.
Sociodemographics-Sociodemographics were collected at Pre-Quit Day -19 and included age, gender, total annual household income, educational level, employment status, and partner status. Sociodemographics were included as covariates in analyses due to known associations with the variables of interest. Only income had substantial missingness (82 missing).
Tobacco Dependence-Tobacco dependence was assessed using the Heaviness of Smoking Index, which was calculated from information collected at the phone screen regarding the number of cigarettes smoked per day before the quit attempt and the time to the first cigarette of the day. (38) The Heaviness of Smoking Index was included as a covariate in analyses due to known associations with quitting behavior. (39) Social Cohesion-Social Cohesion, collected at Pre-Quit Day -19, is a 5-item measure assessing participant's beliefs about their neighbors' willingness to help, trustworthiness, shared values, etc. (5) . Participants are asked to indicate the degree to which they agree or disagree with each item on a 5-point scale ranging from strongly disagree to strongly agree. Responses are reversed coded where indicated, and summed to create a total score. Higher scores suggest greater social cohesion and trust. Social Cohesion has adequate reliability and validity as a measure of perceived trust and connectedness with neighbors [see (10, 40, 41) ]. The coefficient alpha for Social Cohesion in this sample was 0.73.
Psychosocial Mediators-Four psychosocial variables, collected at Post-Quit Day 3, were examined as potential mediators of the relationship between social cohesion and smoking abstinence. General Social Support was measured by the total score on the 12-item version of the Interpersonal Support Evaluation List-12 (42, 43) . Each item is rated on a 4point scale and summed for a total score, with higher scores representing greater perceived support. The coefficient alpha for the Interpersonal Support Evaluation List-12 in this sample was 0.82. Positive and Negative Affect were measured with the 20-item Positive and Negative Affect Scale (44) , forming Positive Affect and Negative Affect subscales. Each item is rated on a 5-point scale and responses are summed for a total score, with higher scores indicating greater positive and negative affect, respectively. The coefficient alphas for the Positive Affect and Negative Affect subscales were each 0.93. Stress was measured with the 4-item Perceived Stress Scale (45) , which was designed to assess the degree to which respondents find their lives to be stressful. Each item is rated on a 5-point scale and responses are summed for a total score, with higher scores indicating greater perceived stress. The coefficient alpha for the Perceived Stress Scale in this sample was 0.77.
Smoking Abstinence-Continuous abstinence from smoking was defined as a self-report of no cigarettes smoked since the quit date (not even a puff) and an expired carbon monoxide level of <10 parts per million or a cotinine value of < 20 ng/ml. Smoking status was assessed at Post-Quit Day 3, Day 10, Day 31, and Month 6. Relapse at any of these data collections resulted in classification as relapsed from that point forward. Accounting for relapse in this manner, data were available to determine abstinence status for 84% of participants at Day 10, 84% of participants at Day 31, and 86.2% of participants at Month 6. Any missing data resulting from study visit no shows were handled by coding the participant as relapsed from that point forward.
Data Analysis
The total effect of social cohesion on abstinence from smoking through Post-Quit Month 6 was assessed in SAS version 9.1 (SAS Institute, Cary, NC) using continuation ratio logit models [PROC GENMOD; (46) (47) (48) ]. Due to the minimal level of residential clustering in our database by Census block group (i.e., neighborhood proxy) and potential numerical instability in estimating certain within-block-group correlation structures, we treated all observations as independent in our analyses (49) . Next, social support, positive affect, negative affect, and stress were examined as mediators of the relationship between social cohesion and continuous smoking abstinence in R version 2.11.2 (50) using a nonparametric bootstrapping procedure. This procedure generates an empirical approximation of the sampling distribution of the product of the estimated coefficients in the indirect path with the use of 5,000 resamples with replacement from the dataset (51) . Each potential mediator was assessed in a single mediator model. The proportion of the mediated effect was estimated using PME = ab/(c′+ab) (52) . Finally, secondary analyses were conducted to determine whether results were resilient to the inclusion of the 82 participants with missing income. This was accomplished using an indicator variable for missing income data and rerunning analyses. All analyses specified above controlled for sociodemographics, tobacco dependence, time, and treatment group.
Results
Of the 399 trial participants, 397 provided data on social cohesion and were available for inclusion in analyses. Participant characteristics are shown in Table 1 . The sample was roughly evenly split by gender and was largely low income, with over three quarters reporting less than $30,000 in annual household income. In addition, more than three quarters of the sample were single, divorced, or widowed. On average, participants smoked 20.6 (±12.2) cigarettes per day prior to the quit attempt, and 59.7% of participants smoked their first cigarette within 5 minutes of waking. Figure 1 presents the study timeline with detailed abstinence data. Of the 397 participants, 26% were biochemically verified continuously abstinent through Post-Quit Day 3. Continuous abstinence rates decreased to 14% of participants through Post-Quit Day 10, 8% through Post-Quit Day 31, and 3% through Post-Quit Month 6. Univariate analyses indicated that participants who were older, employed, earning more than $10,000 in annual household income, and less dependent on tobacco were more likely to maintain continuous smoking abstinence through Post-Quit Month 6 relative to those who were younger, unemployed, earning less than $10,000 a year, and more dependent on tobacco (ps < .01). Similar results linking unemployment and low income to smoking relapse during a specific quit attempt have been reported previously (e.g., see 22) , and the current results suggest that socioeconomic status remains an important factor even among very low income samples of Black smokers.
There was a positive association between social cohesion and the likelihood of continuous smoking abstinence in adjusted analyses, but the total effect did not reach the threshold for statistical significance [β = .05, SE = .03; χ 2 (1) = 2.76; p=.10]. However, adjusted simple mediation analyses yielded significant indirect effects for social support, negative affect, positive affect, and stress in the relation between social cohesion and continuous smoking abstinence through Post-Quit Month 6 (ps < .05; Table 2 ). Specifically, social support and positive affect were positively associated with social cohesion and abstinence, whereas negative affect and stress were negatively associated with social cohesion and abstinence. This pattern of results was unchanged when missing income data were handled via an indicator variable (results available upon request).
Conclusions
This study was the first to examine the prospective relations of social cohesion and smoking cessation during a specific quit attempt, and to characterize psychosocial mechanisms that could account for that relationship, among Black adults. Although the total effect of social cohesion on continuous smoking abstinence was non-significant, the significant indirect effects through social support, affect, and stress are potentially important [cf. (53) ]. Results indicated that social support and positive affect were positively associated with social cohesion and abstinence, whereas negative affect and stress were negatively associated with social cohesion and abstinence. It is possible that social cohesion, or the trust and connectedness one perceives with their neighbors, results in heightened perceptions of safety and security, which may positively affect psychosocial mechanisms, and ultimately facilitate smoking cessation. If so, interventions designed to increase community trust, and policies aimed at increasing the perceptions of social cohesiveness with neighbors may facilitate smoking cessation through effects on social support, affect and stress. Social cohesion may be built for example, through the organization of community events and through participation in group activities, which help to build community capacity and develop networks of support among neighbors. Literature supports that such interventions can affect community engagement among Black populations (54) .
Results suggest potential benefits to the provision of smoking cessation interventions within communities, in a format that would allow neighbors to interact and support one another. For example, group-based cessation services might be provided in neighborhood community centers or within other important community gathering places like churches in order to facilitate community engagement. Previous research has supported the effectiveness of cessation interventions provided in such settings [e.g., churches; (55)], but additional research is needed to understand how such interventions might affect perceptions of social cohesion among smokers.
The psychosocial mediators examined in this study singularly accounted for between 47% and 75% of the mediated effect of social cohesion on smoking abstinence. Results complement the broader literature suggesting that stress and negative affect may be particularly relevant psychosocial mediators to explain health outcomes among Black adults (cf. [33] [34] [35] , and add new knowledge regarding the particular mechanisms linking social cohesion to smoking cessation.
Contrary to our hypothesis, social cohesion was not significantly associated with a higher likelihood of continuous abstinence through six months following the quit date, over and above the effects of age, gender, partner status, socioeconomic status, and tobacco dependence. Prior studies have linked social cohesion to smoking prevalence (6, 7) and smoking rate (8), but the current results suggest relations do not extend to smoking cessation among Black treatment-seeking smokers. The low rate of continuous abstinence by Post-Quit Month 6 (3%) may have contributed to the non-significant relation with social cohesion in this sample; however, post-hoc analyses predicting short-term smoking abstinence (though Post-Quit Day 31) yielded virtually identical results (i.e., non-significant total effect but significant indirect effects). Similar findings were recently reported with regard to null associations of neighborhood collective efficacy (i.e., neighborhood-level social cohesion and social control) with smoking cessation (55) . However, similar constructs (e.g., interpersonal trust, social participation) have been associated with smoking cessation in the literature (56) . In general, mixed results in this emerging area suggest that additional research is needed to better understand how perceptions of social cohesion might be related to smoking cessation, and the potential implications of those relations for informing interventions to reduce smoking rates.
This study had several limitations. Most notably, although we hypothesized that individual perceptions of social cohesion influenced the proposed psychosocial mechanisms, an equally plausible explanation might be that the psychosocial variables influenced social cohesion. That is, there is a real possibility of same-source bias in our data that calls the legitimacy of the proposed meditational relationship into question. The longitudinal design of our study, while a strength, does not mitigate this possibility. Some previous studies have aggregated individual perceptions of social cohesion to the neighborhood level to help account for potential biases in self-reported data. Our data, however, were not ideal for aggregation because our participants were not randomly selected within neighborhoods, neighborhoods were not randomly sampled, and participants were unevenly distributed between neighborhoods. It is also worth noting that this study examined only four of a myriad of possible mediators of the relations between social cohesion and smoking abstinence. Other potential mediators (e.g., social norms, discrimination) should be examined in future research. Also, detailed health status information (e.g., presence of chronic health conditions, medication usage) was not collected in this study. Future studies should include these data given their potential relations with smoking behaviors and cessation.
Additional limitations include that participants were self-selected, treatment seeking Black smokers from a major metropolitan area in Texas. Self-selected, treatment seeking smokers may differ from smokers who attempt to quit without treatment in important ways, and the influence of social cohesion on cessation among the latter group remains unknown. Moreover, this study was focused on Black smokers, and results may not generalize to smokers of other race/ethnicities. Likewise, our findings may not generalize to smokers living in rural areas, or to other metropolitan areas, which may differ from the current study setting in important ways.
Finally, this study focused on continuous abstinence since the quit date. This is a conservative outcome that does not account for recovery from smoking lapses or a reduction in smoking rate over time. The relation of social cohesion with these factors has not been previously studied, but can be a focus of future research. In addition, rates of continuous smoking abstinence over time in this sample were quite low. This is a major limitation of our study, and likely reflective of the myriad challenges that low income Black smokers face in maintaining longer-term abstinence. Although smoking tends to be concentrated among those of lower socioeconomic status, it is important to note that the relations reported herein may not generalize to Black smokers of higher socioeconomic status who are attempting to quit. Reitzel 
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Timeline for the current study with detailed abstinence data. Note: Continuous abstinence data at all Post-Quit study visits were used in analyses. Tobacco dependence variables were collected at the phone screen, sociodemographics and social cohesion were collected at Day -19, and psychosocial mediator data were collected at the Day 3 visit. Ann Behav Med. Author manuscript; available in PMC 2014 April 01.
